INTRODUCTION
Cinnamomum had been included in Phoebe Nees by Nees (1836 -except Cinnamomum montanum (Sw.) Bercht. & J.Presl), Meissner (1864) and Mez (1889) . Kostermans (1961) transferred them to Cinnamomum based on characters of the fruit. Already Nees (1836) had noted that there were two distinct groups in Phoebe (in his circumscription): in the Asian species (now Phoebe s.str.) the fruit does not have a cupule, and its base is clasped by enlarged, indurate tepals (Fig. 1A) , whereas in the American species there is a cupule of variable size with or without remnants of the tepals on its margin, or at least a thickened and more or less fleshy pedicel (Fig. 1B) . The latter characters are also found in the Asian species of Cinnamomum (Fig. 1C, D) . In addition, the American and Asian species currently placed in Cinnamomum share trimerous flowers with six equal tepals, nine fertile stamens, each with (mostly) four pollen sacks placed in two pairs above each other, and three internal staminodes with sagittate glandular heads. These floral characters, however, are likely to be plesiomorphic, as they are also found in the Persea group, the sister group of the core Lauraceae (Cinnamomeae, Laureae). Molecular studies (Rohwer, 2000; Chanderbali & al., 2001; Groth, 2003; Rohwer & al., 2009; Huang & al., 2016) confirmed that the American species do not belong to the genus Phoebe and are closer to
Cinnamomum, but at the same time raised doubts about the current circumscription of Cinnamomum. The Paleotropical and Neotropical species did not form a monophyletic group, but were rather placed in different clades consisting exclusively of either Paleotropical or Neotropical species. A few Neotropical Cinnamomum species appeared nested among Ocotea Aubl., whereas the majority formed a clade with species of Aiouea Aubl. and Mocinnodaphne Lorea-Hern. (Chanderbali & al., 2001; Groth, 2003) , but the nodes separating these clades were only weakly supported.
Previous molecular studies including Cinnamomum were conducted using the internal transcribed spacer region (ITS) of nuclear ribosomal DNA (Chanderbali & al., 2001; Groth, 2003; Rohwer & al., 2009; Lee & al., 2010 [ITS2] ) and chloroplast markers such as matK, trnL-trnF, rpoB, rbcL and rpl16 (Rohwer, 2000; Chanderbali & al., 2001; Kuo & al., 2010; Sudmoon & al., 2014; Swetha & al., 2014) . These markers, however, did not yield substantial support values for the nodes separating the main clades of Cinnamomum. Better support for some of the main clades was found in a recent study by Huang & al. (2016) using ITS as well as two low-copy nuclear gene regions, the second intron of the LEAFY gene and a part of the rpb2 gene. This study, however, was focused on the Asian species and did not include Neotropical Lauraceae other than species of Aiouea, Cinnamomum, and Mocinnodaphne. In addition, the nuclear gene regions are difficult to amplify from herbarium material and often need cloning to separate different copies. We were looking for an alternative that could be used more easily for material of different quality. As Dong & al. (2012) have shown, highly variable chloroplast markers such as the trnK intron and the intergenic spacers trnG-trnS, trnT-psbD, rps16-trnQ, and psbA-trnH are useful for evaluating plant phylogeny at low taxonomic levels. Nie & al. (2007) conducted a phylogenetic analysis of Sassafras J.Presl successfully using the spacer psbA-trnH (among other markers).
In the present study, we attempt to re-evaluate the results of Chanderbali & al. (2001) , Groth (2003) , and Huang & al. (2016) using sequences of the chloroplast spacer regions trnGtrnS and psbA-trnH and the nuclear ribosomal marker ITS with a considerably larger taxon sample. We intend to answer the following questions: (1) Is Cinnamomum monophyletic? (2) If not, how many separate Cinnamomum clades are there? (3) Do the Neotropical species of Cinnamomum form a monophyletic group? (4) Can we confirm the results of Chanderbali & al. (2001) and Groth (2003) , which indicate that most species of Aiouea are nested among the Neotropical Cinnamomum species?
MATERIALS AND METHODS
Taxon sampling. -A total of 101 taxa were sampled, including representatives of the Cinnamomum group, Aiouea, members of the Ocotea complex sensu Chanderbali & al. (2001) , Sassafras, a few Laureae, plus four species of the Persea group (Appendix 1). As previous studies (Rohwer, 2000; Chanderbali & al., 2001; Groth, 2003; Huang & al., 2016) indicated that Cinnamomum might not be monophyletic, it seemed advisable to include a wide range of Cinnamomeae sensu Chanderbali & al. (2001) , in order to evaluate this hypothesis. Sassafras and the Laureae were included because they appeared as successive sister groups to the Cinnamomeae in the unconstrained ITS analysis of Chanderbali & al. (2001) . The taxa of the Persea group were selected as outgroup, based on the results of previous molecular studies (Chanderbali & al., 2001; Rohwer & Rudolph, 2005; Nie & al., 2007; Rohwer & al., 2009 , Huang & al., 2016 . Taxon sampling was also guided by availability of plant material, date of collection, geographical distribution, and success in DNA amplification and sequencing. As far as possible, we checked determination in monographs or floristic treatments (Kubitzki & Renner, 1982; Kostermans, 1986; Rohwer, 1986 Rohwer, , 1993b Kurz, 2000; Chanderbali, 2004; Li & al., 2008) . It should be noted, however, that many samples, especially in Cinnamomum s. str., were sterile material, so that the determinations have to be considered preliminary. The examined material, with voucher specimens and GenBank accession numbers, is listed in Appendix 1.
DNA extraction. -Total genomic DNA was extracted from silica-gel dried samples or herbarium specimens using the innuPREP Plant DNA Kit (Analytik Jena, Jena, Germany) according to manufacturer's instruction, with minor modifications published by Trofimov & al. (2016) .
PCR amplification and sequencing. -As far as the quality of the plant material allowed, we used the primers ITS-18-F (Käss & Wink, 1997 ; modified by Beyra-Matos & Lavin, 1999) and ITS-H-R (Rohwer & al., 2014) to amplify the entire ITS region (ITS-1, 5.8S rDNA, ITS-2). When the DNA was more degraded, as is often the case in herbarium material, it was necessary to amplify the ITS region in two fragments using several additional primers in the 5.8S region, most frequently ITS-C and ITS-D (Blattner, 1999) . The chloroplast spacer regions were amplified with the primers trnG (ucc) -F and trnS (gcu) -R (Hamilton, 1999) , and psbA-F and trnH-R (Sang & al., 1997) or the reverse trnH primers of Klak & al. (2013) as well as newly designed internal primers. All primers used in this study are listed in Table 1 .
Amplification of the ITS region including the 5.8S rDNA was performed according to Rohwer & al. (2009) adjusted to the ABI 3500 Genetic Analyzer capillary sequencer (Applied Biosystems, Carlsbad, California, U.S.A.) as described in detail by Rohwer & al. (2014) . Reaction and program conditions were as follows, with variations for trnG-trnS and psbA-trnH in brackets: The amplification mix was composed of 2.5 mM MgCl 2 , 1× buffer B2, 0.2 mM dNTP (all three from BioBudget, Krefeld, Germany), 2.0 µM (2,6 µM) of each forward and reverse primer (Sigma-Aldrich, Taufkirchen, Germany), 0.25 U Hot Start Taq DNA polymerase (BioBudget), and 20 ng DNA in a final volume of 14 µl (12 µl) per reaction tube. In order to minimize problems with secondary structures in the rather GCrich ITS region, 10% dimethyl sulfoxide (DMSO) was added for this marker (Buckler & Holtsford, 1996; Buckler & al., 1997) . For trnG-trnS 0.1 mg/ml bovine serum albumin (Fermentas, St. Leon-Rot, Germany) was added to the reaction mix. The amplification program was run with an initial denaturation at 96°C for 14 min (95°C, 15 min), followed by 40 (30) cycles of 96°C (95°C) for 30 s, 50°C (trnG-trnS: 55°C) for 30 s, and 72°C for 1 min. The last elongation step was extended by an additional phase at 72°C for 8 min. All amplifications included negative controls to detect contamination.
The PCR products were purified according to Rohwer & al. (2014) , with modifications as in Trofimov & al. (2016) . Pure PCR products were sequenced forward and reverse and subsequently precipitated as described by Rohwer & al. (2014) and Trofimov & al. (2016) . All reactions were performed with one of the amplification primers or any of the internal primers (Table 1) , if necessary. The precipitation products were separated and detected with an ABI 3500 Genetic Analyzer capillary sequencer (Applied Biosystems) following the manufacturer´s instructions as summarized in Rohwer & al. (2014) .
Sequence analysis. -The sequence chromatograms were first edited manually, then aligned for each individual taxon with Sequencher v.4.8 (Gene Codes Corp., Ann Arbor, Michigan, U.S.A.). Consensus sequences were created by comparing forward and reverse fragments, with a final manual correction if necessary. Complete consensus sequences were aligned in MEGA v.6 (Tamura & al., 2013) . The automatic MUSCLE alignment was followed by manual adjustments concerning the positions of insertions /deletions (indels) as described by Rohwer & al. (2014) . Potentially informative indels were coded in an indel matrix, largely following the rules of simple indel coding (Simmons & Ochoterena, 2000) . However, if there were potentially informative sequence differences within a region affected by an indel, the individual variants were coded as a multistate character (e.g., 0 = gap, 1 = A, 2 = AC, 3 = C, 4 = AA, 5 = AG). Indels resulting from single nucleotide repeats of four or more bases were not considered because of high variability among different individuals of a species and (from seven identical bases onwards) an increased likelihood of PCR artifacts. For all taxa in our core study group (Aiouea, Cinnamomum) and most of the others, we obtained the sequences for all three genome regions from the same sample. However, in Laurus nobilis L. and Sassafras tzumu (Hemsl.) Hemsl. we composed our set of sequences from different samples, some of them downloaded from GenBank. The NEXUS files of the ITS and cpDNA datasets can be found in the Supplementary Data.
Phylogenetic analysis. -For each dataset a maximum parsimony (MP) analysis was computed with PAUP* v.4.0b10 (Swofford, 2003) , a maximum likelihood (ML) analysis with TREEFINDER, version of March 2011 (Jobb, 2011) , and a Bayesian inference (BI) analysis with MrBayes v.3.3.2 (Ronquist & al., 2011) . The two datasets, based on the ITS region and the chloroplast markers, were analysed separately in order to identify possible conflicts due to different genome histories, as well as concatenated, excluding the taxa identified as the source of conflicts in the separate analyses. The cpDNA data included fewer taxa than the ITS dataset because no sequences of the trnG-trnS spacer are available in GenBank for Aiouea guianensis Aubl., Mocinnodaphne cinnamomoidea In the MP analysis, a heuristic search was conducted with equally weighted characters and 100 random addition sequence replicates, tree-bisection-reconnection (TBR) branch swapping, MulTrees on and collapse of zero-length branches. Gaps were treated as missing data, but potentially informative indels were included as an indel matrix (see above). As the analyses rapidly accumulated more than 50,000 equally parsimonious trees, we limited the number of trees saved per replicate to 1000 (nchuck = 1000, chuckscore = [minimum length found in first or second attempt]). Branch support was estimated by bootstrap analysis (Felsenstein, 1985) . A full bootstrap, however, with unlimited TBR branch swapping and an unlimited number of trees saved, was not possible with our data, as it quickly ran into overflow. We therefore limited the number of branch exchanges to 1 million per bootstrap replicate (rearrlimit = 1000000).
For the ML and BI analyses the datasets were separated into three unlinked partitions each. In the ITS dataset, separate partitions were defined for the ribosomal DNA (mainly 5.8S rDNA, plus small parts of 18S and 26S rDNA, respectively), for the two transcribed spacer regions combined (ITS-1, ITS-2), and for the indel codes. In the chloroplast dataset, separate partitions were applied to the two chloroplast spacer regions, and a third partition to the chloroplast spacer indels. Bestfitting models of sequence evolution (according to the Bayesian information criterion) for each partition including DNA were determined with TREEFINDER and with MEGA, respectively. The ML analyses were performed with a search depth of 2 and 1000 replicates, using the default parameters and the models suggested by the program (see Results). In contrast to the MP and BI analyses, the indel characters could not be used in the ML analyses. In the BI analyses, two simultaneous runs of four stepwise heated Metropolis-coupled Monte Carlo Markov chains (MCMCMC) starting from random trees were run for 5 million generations, with the current tree saved every 500 generations. The likelihood values were inspected in Microsoft Excel (Redmond, Washington, U.S.A.), and the burn-in value was chosen well above the point of convergence and below the first 25% implemented as default value in MrBayes. The remaining trees were used for constructing 50% majority-rule consensus trees in PAUP*. The tree files from the two parallel runs for each dataset were combined into a single file prior to calculating the consensus tree.
RESULTS
Sequence characters. -The alignment length of the ITS dataset was 867 positions, of which 594 were constant, 107 were variable but parsimony uninformative, and 166 were parsimony informative. In addition, 36 informative indels were included in the analysis. The cpDNA dataset had 1437 aligned positions, 964 from the trnG-trnS and 473 from the psbA-trnH region. In addition, we included 11 informative indels in the analysis, 7 from the trnG-trnS and 4 from the psbA-trnH region. Among the 1437 cpDNA characters, 1287 were constant, 85 were variable but parsimony uninformative, and 69 were parsimony informative. The modeltest options of TREEFINDER and of MEGA led to slightly different results. MEGA suggested a Jukes-Cantor model (JC) with discrete Gamma distribution for the rDNA (i.e., 18S, 5.8S, and 26S rDNA, excluding the spacer regions), possibly because of the low number of informative characters (five, in the 5.8S region only), whereas a Hasegawa-Kishino-Yano model (HKY85) with discrete Gamma distribution was suggested by TREEFINDER. For each of the other three partitions (i.e., ITS-1+ ITS-2, trnG-trnS, psbA-trnH), a Tamura 3-parameter model (T92) with discrete Gamma distribution was suggested by MEGA, whereas TREEFINDER favored a Transversional model (TVM) for the ITS-1 and ITS-2 region, a HasegawaKishino-Yano model for the trnG-trnS data and a Transitional model (TIM = J3) for the psbA-trnH data.
Maximum parsimony analysis. -The MP analysis of the ITS dataset (101 taxa, number of trees saved per replicate limited to 1000 by the NCHUCK option) resulted in 23,000 most parsimonious trees which were 843 steps long, with a consistency index (CI) of 0.497 and a retention index (RI) of 0.817. The MP analysis of the cpDNA dataset (97 taxa, number of trees saved per replicate limited to 1000 by the NCHUCK option) resulted in 95,000 most parsimonious trees with 237 steps, CI = 0.722, RI = 0.904. The analysis of the combined (ITS + trnG-trnS + psbA-trnH) dataset comprised only 90 taxa, due to exclusion of taxa placed in well-supported conflicting positions in the ITS and cpDNA datasets (see below). Here it was not necessary to limit the number of trees saved per replicate. The analysis resulted in 34,688 most parsimonious trees (CI = 0.540, RI = 0.822). The MP bootstrap consensus trees were less resolved than the trees resulting from the Bayesian analyses, but largely compatible. Therefore, they are not shown separately here, but are available in the Electronic Supplement.
Bayesian analysis. -The topologies obtained from the BI analyses of the ITS and cpDNA datasets are shown in Figs. 2-5. The outgroup including Machilus grijsii Hance, M. zuihoensis Hayata, Persea americana Mill., and Phoebe sheareri (Hemsl.) Gamble is distinctly separated from the ingroup taxa in all three analyses (posterior probability, PP = 1/0.99/1 in ITS/cpDNA/ combined analysis, respectively).
Within the ingroup, there are some differences between the ITS and the cpDNA analyses, but most of the main clades are found in both of them. Although the aligned cpDNA sequences have more positions in total than the ITS dataset, the number of parsimony-informative characters is significantly lower compared to those of the ITS sequences (cpDNA 76, ITS 202). Therefore, we describe the result of the ITS analysis first (Figs.  2, 3) , and then the less informative cpDNA analysis (Figs. 4, 5) .
In the ITS dataset (Figs. 2, 3 ), the Laureae (in this analysis Laurus nobilis, Lindera benzoin (L.) Blume, and Neolitsea sericea) form a well-supported monophyletic group (PP 1) that is sister to the remaining ingroup taxa (PP 1). Among these, Sassafras (PP 1) appears as sister to the rest of the taxa, Within the mainly Neotropical clade, the species of the Ocotea complex (including species of Aniba Aubl., Damburneya Raf., Endlicheria Nees, Licaria Aubl., Nectandra Rol. ex Rottb., and Ocotea, plus a few Central American Aiouea species) form a strongly supported monophyletic group (PP 1), which is sister to an equally strongly supported clade comprising most species of Aiouea (including the type A. guianensis), Mocinnodaphne, and the Neotropical species currently placed in Cinnamomum. In the following, this latter clade will be called the Aiouea clade. The Ocotea complex is not the subject of this study, and therefore will not be discussed in detail here. It should be noted, however, that species currently referred to Aiouea, besides those nested among the Neotropical Cinnamomum species, occur in two different clades of the Ocotea complex.
Within the main Aiouea clade (i.e., the clade including the South American Aiouea species plus Neotropical Cinnamomum), a relatively well-supported clade (PP 0.97) including Aiouea grandifolia Van der Werff from Peru and Cinnamomum alainii (C.K.Allen) Alain from Hispaniola is shown as sister to an unsupported group (PP 0.56) including the remaining taxa. Among the latter, there are two (relatively) well-supported clades. One of them (PP 0.98) consists mainly of samples from Central America, plus Cinnamomum montanum from southeastern Brazil, whereas its sister group (PP 1) consists of South American species only. In the first group, Mocinnodaphne cinnamomoidea from Mexico appears as sister to five species of Cinnamomum. The support for this Cinnamomum clade is negligible (PP 0.57), but four of the five species do form a strongly supported clade (PP 1). Among the South American taxa, two species from Ecuador, C. formicarium Van der Werff & Lorea-Hern. and A. dubia 4, 5) shows less resolution and differs considerably from that of the ITS dataset. Cinnamomum bodinieri H.Lév., C. glanduliferum (Wall.) Meisn. and Sassafras form a strongly supported clade (PP 1) that appears to be sister to all other ingroup taxa. The clade including the latter, however, is scarcely supported (PP 0.55) and poorly resolved at the base. Four well-supported clades, corresponding to (I) the Laureae (PP 0.99), (II) all Asian Cinnamomum species except C. bodinieri and C. glanduliferum (PP 1), (III) the Ocotea complex (PP 1), and (IV) the Aiouea clade (PP 0.99) are forming a polytomy. In the second clade (Asian Cinnamomum) the remaining species of Cinnamomum sect. Camphora (C. camphora (L.) J.Presl, C. parthenoxylon (Jack) Meisn.) are found in different, well-supported clades. Cinnamomum parthenoxylon is shown in an unresolved clade (PP 0.99) with C. dictyoneuron Kosterm. and C. paiei Kosterm., which in turn is part of a major clade (PP 1) including also C. iners Reinw. ex Blume and C. verum J.Presl (similar to the ITS result). Cinnamomum camphora, on the other hand, is placed in a clade (PP 1) with all other Asian species except C. pittosporoides Hand.-Mazz., which is part of a basal trichotomy with the two major Cinnamomum clades. Since we suspected that this conflicting placement of the species of sect. Camphora was an error, we repeated our analyses with newly isolated and sequenced DNA from all individuals involved in conflicting clades, but this confirmed our previous results. The Ocotea complex as well as the Aiouea clade were retrieved in identical composition as in the ITS analysis. The internal topology of these clades is less resolved than in the ITS analysis, but most of the better supported groups are recognizable in both analyses. Congruence and conflict among the major clades retrieved from the ITS and cp DNA analyses are summarized in Fig. 6 . In the analyses based on the psbA-trnH spacer only, Aiouea guianensis and Ocotea guianensis, the types of their respective genera, are placed in the same major groups as in the ITS analyses (Aiouea clade and Ocotea complex) in the MP 50% majority rule consensus and the Bayesian consensus tree, but the MP bootstrap consensus is almost completely collapsed.
The result of the BI analysis based on the combined ITS + psbA-trnH + trnG-trnS dataset excluding Cinnamomum sect. Camphora (shown in the Electronic Supplement) is largely compatible with the result based on the ITS data alone. All major clades, viz., the Persea group (= outgroup), the Laureae, Maximum likelihood analysis. -The results of the ML bootstrap analyses (shown in the Electronic Supplement) are poorly resolved at the base but largely compatible with those of the BI analyses. A few clades within the major groups were found to be conflicting in the analyses of the ITS data (indicated by an X to the right of the respective nodes in Figs. 2  and 3 ), but the conflicting clades are poorly supported (ML-BS 65% in Endlicheria, 55% in Cinnamomum s.str.). No conflicting clades were found in the ML bootstrap consensus based on the cpDNA data, even though the most likely tree derived from the ML analysis appears quite different.
DISCUSSION
Molecular phylogeny. -Phylogenetic analyses of both marker datasets (ITS, cpDNA) show a clear signal contradicting the traditional generic classification. The species currently included in Cinnamomum do not form a monophyletic group. Instead, species of Cinnamomum are placed in three different clades (Fig. 6, hatched) . Two of them correspond to the Paleotropical sect. Camphora and sect. Cinnamomum, respectively, at least in the result of the ITS dataset (Fig. 2) . Our study does not allow us to decide if these clades form a monophyletic group or not, as they are placed in conflicting topologies resulting from the analyses of the separate ITS and cpDNA datasets (Figs. 2, 4) . The third clade (Figs. 3, 5) comprises not only the Neotropical species currently placed in Cinnamomum, but also most species of the likewise Neotropical genus Aiouea examined here, including the type, A. guianensis. The taxonomic 
Laureae
Sassafras consequences of this result will be discussed below. In the result based on the ITS data, the Aiouea clade (incl. Neotropical Cinnamomum) appears as sister to the Ocotea complex, which also consists predominantly of Neotropical taxa, although not quite significantly supported. Of course it is a matter of debate if it is permissible to delete the conflicting taxa (in this case the species of Cinnamomum sect. Camphora) and combine such conflicting datasets, but if we do so and concatenate the ITS and the cpDNA data, then the support for the monophyly of the Neotropical taxa (Ocotea complex plus Aiouea clade) increases to 81% MP-BS/PP 1/94% ML-BS (results in the Electronic Supplement). We therefore assume that the core Cinnamomeae (excl. Sassafras, discussed below) colonized the Americas only once. A few species currently placed in Aiouea (A. costaricensis (Mez) Kosterm., A. guatemalensis (Lundell) S.S.Renner, A. vexatrix Van der Werff) are placed among the species of the Ocotea complex in our results. For A. costaricensis, this position had already been observed by Chanderbali & al. (2001) . These Central American species, however, have been considered "anomalous" in Aiouea, because their flowers do not have staminodes with a conspicuous cordate to sagittate glandular head in the fourth androecial whorl, as the South American species (Van der Werff, 1987 . In the discussion under A. costaricensis, Burger & Van der Werff (1990) mentioned that there was "an almost identical population of Ocotea insularis (O. tonduzii in a more narrow sense) at Monteverde with 4-thecous anthers. This near-identity makes it appear that A. costaricensis may be nothing more than a 2-thecous derivative of some highland populations of O. insularis (in a wide sense)." In the analysis of Chanderbali & al. (2001) A. costaricensis did indeed appear as sister taxon to O. insularis, with 100% BS. In our analysis, we added a few more taxa which Rohwer (1986) Kubitzki & Renner, 1982) . In our analyses, it is not part of the O. insularis group but forms a well-supported clade with Damburneya coriacea Trofimov & Rohwer. With its medium-sized, somewhat glossy, finely reticulate leaves it is indeed strikingly similar to several species of Damburneya. Compared to most Damburneya species it has smaller flowers lacking the characteristic papillosity on the adaxial side of the tepals, but relatively small flowers with reduced papillosity are also known from D. patens (Sw.) Trofimov and D. purpurea (Sw.) Trofimov.
For Cinnamomum, a recent study conducted by Huang & al. (2016) showed largely compatible results: the Cinnamomeae formed a monophyletic group, as in our ITS data, and species of Cinnamomum were placed in three distinct, well-supported clades corresponding to Cinnamomum sect. Cinnamomum, Cinnamomum sect. Camphora, and the Neotropical species. As in our chloroplast dataset, a few species of sect. Camphora appeared among the species of sect. Cinnamomum, but these were not the same species as in our data. Both Cinnamomum camphora and C. parthenoxylon are placed among the other species of sect. Camphora in the study of Huang & al. (2016) . This may of course be due to the strong signal in the ITS data; if we combine the two datasets, we get the same results.
In accordance with previous results of Chanderbali & al. (2001) , most species of Aiouea and Mocinnodaphne (likewise from the Neotropics) were placed among the Neotropical Cinnamomum species. Huang & al. (2016) , however, did not include any species of the Ocotea complex, except O. ikonyokpe Van der Werff, which already had been recognized to be closer to Cinnamomum by Chanderbali & al. (2001) . Therefore, Huang & al. (2016) were able to confirm the monophyly of the Cinnamomeae, but they could not evaluate if Cinnamomum was monophyletic in its current circumscription. It should be noted that in their study Cinnamomum sect. Cinnamomum and the mainly Neotropical taxa formed a well-supported monophyletic group. If this was confirmed, it would mean that even Asian Cinnamomum is not monophyletic and that sect. Camphora would deserve generic rank. We have never seen this topology during our work. Instead, our analysis of the ITS data (Figs. 2, 3) showed a moderately supported monophyletic group including the mainly Neotropical taxa and sect. Camphora. From a morphological point of view, such a grouping would appear plausible, as sect. Camphora and the Neotropical species (i.e., Aiouea, Neotropical Cinnamomum and the taxa of the Ocotea complex) share alternate, penninerved to moderately triplinerved leaves. These characters, however, are likely to be plesiomorphic in the Cinnamomeae.
The relationships of Cinnamomum sect. Camphora also need further study because some of its members show unexpected affiliations in some analyses. As mentioned above, a few species of sect. Camphora (C. longipetiolatum H.W.Li, C. saxatile H.W.Li, and an undetermined species, all not examined here) were placed among species of sect. Cinnamomum in the results of Huang & al. (2016) . At this point, it is futile to speculate about possible reasons. In our study, C. bodinieri and C. glanduliferum of sect. Camphora were clearly placed with the remaining species of that section in the ITS analysis, but in the cpDNA data they formed a well-supported clade with Sassafras. Initially we suspected that samples might have been mixed up during lab work, but a repetition confirmed the results. Further analyses will be necessary to differentiate between possible explanations, such as chloroplast capture resulting from ancient hybridization vs. artefact due to the low number of informative characters in the cpDNA data. In the present analysis, we consider the result based on the ITS data to be more reliable, because the ITS dataset contained almost three times as many informative characters as the cpDNA dataset. Nevertheless, the cpDNA data make an important contribution to the phylogenetic analysis, as they confirm the major clades found in the ITS analysis.
Sassafras had not been included in the dataset of Huang & al. (2016) . In the analysis of Chanderbali & al. (2001) it was placed as sister to the remaining Cinnamomeae in the unconstrained ITS analysis, but a topology with Sassafras constrained to the Laureae was just three steps longer. Chanderbali & al. (2001) preferred the latter placement because Sassafras albidum (Nutt.) Nees has introrse pollen sacs in the third staminal whorl and some kind of involucre around its inflorescences, both of which are characters of the Laureae. The position of the pollen sacs, however, is correlated with breeding system rather than phylogenetic affinity. The pollen sacs of the third staminal whorl are usually extrorse in bisexual flowers of Lauraceae, because the inner stamens are upright and appressed to the style during the male phase of flowering, so that there is no room to open toward the inside. This is true also for Sassafras randaiense (Hayata) Rehder (Chung & al., 2010) . In male flowers with a small pistillode or none at all, on the other hand, they are often introrse, even within the Cinnamomeae (in Ocotea : Rohwer, 1986; Endlicheria: Chanderbali, 2004 ). In addition, the involucre of Sassafras is different from what is commonly found in the Laureae. As a deciduous tree, Sassafras produces botryoid inflorescences from the axils of spirally arranged bud scales and transitional leaves during budbreak in early spring, whereas most Laureae have pseudo-umbellate axillary inflorescences surrounded by decussate bracts.
In the studies of Chanderbali & al. (2001) and Huang & al. (2016) the American species of Cinnamomum plus a few Aiouea species -including the type A. guianensis -and the monotypic Mocinnodaphne appear in a single clade that is strongly supported in the latter study. We used a different set of Aiouea species, but all species from South America appear nested among the Neotropical Cinnamomum species as well. Huang & al. (2016) found the main clade of the American species separated into a South American clade (including Aiouea) and a geographically mixed clade (Central and South America; including Mocinnodaphne), compatible with the results of Chanderbali & al. (2001) . In our analysis, a geographically mixed clade (Central and South America; including Mocinnodaphne and five species of Cinnamomum) is sister to the South American taxa (including several species of Cinnamomum and Aiouea). In addition, we found a clade consisting of A. grandifolia from Peru and C. alainii from Hispaniola as sister to all other species of the Aiouea clade, but the node separating it from the rest of the species is present in the result of the BI analysis only, and scarcely supported. Within the Aiouea clade, species of Aiouea appear nested among the Neotropical Cinnamomum species in at least three different clades, suggesting that the reduction of pollen sacs from four to two per anther occurred several times independently within the Aiouea clade. As a consequence, the genus Aiouea cannot be upheld in the traditional circumscription. Reductions of the number of pollen sacs in the third staminal whorl in several Neotropical Cinnamomum species have been described by Mez (1889, considered as Phoebe spp. then) and by ; the former author even created Phoebe subg. Heteranthera Mez to accomodate the species with this feature. Reductions also in the outer whorls are known from Asian Cinnamomum (Kostermans, 1985 (Kostermans, , 1986 Soh, 2011) , Persea Mill. (Kopp, 1966; Rohwer, 2014) , and several smaller genera (Van der Werff & Richter, 1985; Rohwer, 1988; Rohwer & al., 1991) . Already Gamble (1910) mentioned in the description of Cinnamomum graciliflorum Gamble that the anthers were sometimes 2-locular, and there is a drawing on the syntype specimen Scortechini 1228 (K barcode K000778634) showing that both 2-and 4-locular anthers were found even within this single collection. Rohwer & al. (1991) found flowers with tetrasporangiate and disporangiate anthers in a single inflorescence of a species described both as Ocotea insularis and as Aiouea lundelliana C.K.Allen. Additional species of "Aiouea" belonging to the Ocotea insularis group have been discussed above. As the difference in the number of pollen sacs is the only criterion to distinguish Neotropical Cinnamomum from Aiouea, the separation between the two is no longer sustainable. Therefore, the American species of Cinnamomum will be transferred to Aiouea here. Aiouea was described by Aublet (1775) , from French Guiana, with A. guianensis as the only species at that time. The name Cinnamomum is a nomen conservandum (McNeill & al. 2012: Appendix III) , with the Asian C. verum as the type. It should be noted, however, that among the many Neotropical species ascribed to Cinnamomum (or to Phoebe by earlier authors, e.g., Meissner, 1864; Mez, 1889) , only those recognized as Cinnamomum by Kubitzki & Renner, 1982) , looks somewhat similar to Damburneya purpurea (Ruiz & Pav.) Trofimov, but we doubt that it is the same species as the type, Lehmann 4989 (K). Unfortunately, our attempts to amplify the ITS region from the herbarium material present in HBG failed so far. In the original description of A. inconspicua, Van der Werff (1987) compared it primarily to A. guatemalensis (see above), and we agree that it is similar. In a recent personal communication about this manuscript (Dec 2016), he also suggested that it might be related to Damburneya. Unfortunately, we have not been able to obtain clean ITS-2 sequences of A. inconspicua from herbarium material, but the ITS-1 sequences differ by only a few base pairs from those of A. guatemalensis and most Damburneya species. It is therefore quite likely that A. inconspicua eventually will have to be transferred to Damburneya. Aiouea obscura is the only Central American species with subtriplinerved leaves. In the original description, Van der Werff (1988) to our analysis. Unfortunately, our attempts to amplify the ITS region of A. obscura from herbarium material failed so far (as is often the case in dark drying material). Therefore, we can neither support nor refute such a relationship. In contrast to the other Central American species, A. parvissima does have staminodes in the fourth androecial whorl, but they are minute and clavate. With its somewhat glossy, finely reticulate leaves it is reminiscent of Damburneya. As in A. inconspicua, we have not been able to obtain clean ITS-2 sequences from herbarium material so far, but both the ITS-1 and the trnG-trnS sequences suggest that it may be related to Damburneya as well. In the original description of Aiouea talamancensis, Burger & Van der Werff (1990) mentioned that it strongly resembled Ocotea whitei Woodson, and "it may be that this species is a 2-thecous derivative of that species of Ocotea or one of its close allies". Ocotea whitei has been ascribed to the O. insularis group by Rohwer (1986) . As far as we can tell so far, based on a preliminary ITS-1 sequence, this affinity may be correct.
Biogeographic history. - Huang & al. (2016) presented a paleogeographic reconstruction of the evolution of Cinnamomum pointing to a most likely Laurasian origin, and of its subsequent dispersal, leading to the current disjunction patterns. As we did not address this issue in our analysis, we can neither support nor refute their findings, but there is nothing in our results that would obviously conflict with them. It seems plausible that the Cinnamomeae separated from the Laureae in the Eocene. In contrast to previous studies (Chanderbali & al., 2001; Nie & al., 2007) , Huang & al. (2016) estimated the age when the Cinnamomeae split from the Laureae at about 55 Mya, which is roughly 15-10 Mya older than the estimates in the studies named above. It should be noted, however, that Chanderbali & al. (2001) constrained Cinnamomum to be monophyletic and the Laureae to include Sassafras, which may have influenced their estimate. Apart from these constraints, the succession of evolutionary steps is largely congruent in these three analyses and in ours. This was to be expected, as widely overlapping datasets have been used in all cases, with most informative characters derived from ITS sequences. Thus it is all the more surprising that in the previous studies the node separating Asian sect. Camphora from the remaining Cinnamomum group appeared older than the node showing the separation between Neotropical and Paleotropical Cinnamomeae species, whereas our ITS analysis would suggest that sect. Camphora was the sister group to the Neotropical species. The chloroplast data do not really help to elucidate the position of sect. Camphora; on the contrary, they point to an unresolved conflict between the different markers that needs to be investigated in more detail by multigene analysis or by whole (chloroplast) genome sequencing.
Taxonomic consequences. -As described above, our results very strongly suggest that the American species currently placed in Cinnamomum are misplaced there. Instead, they form a monophyletic group with Aiouea, and probably also with other Neotropical genera, rather than with Paleotropical Cinnamomum. Neotropical Cinnamomum cannot be separated from Aiouea, because 4-locular vs. 2-locular anthers are the only criterion to distinguish the two. This character, however, is neither constant in many genera (including Paleotropical Cinnamomum), nor do the species with 4-and with 2-locular anthers form separate clades in our analyses. Since Aiouea (Aublet, 1775) is the oldest generic name in this alliance, we resolve this situation by transferring the Neotropical Cinnamomum species to Aiouea. Mocinnodaphne is likewise nested in the Aiouea clade. It differs by reduction of the outer androecial whorls (first and second), whereas reductions of the inner androecial whorls are well known from South American Aiouea (third whorl in A. guianensis, A. laevis (Mart.) Kosterm., A. maguireana (C.K.Allen) S.S.Renner, A. saligna and A. trinervis, second and third whorl in A. benthamiana Mez and A. myristicoides Mez, see Renner in Kubitzki & Renner, 1982) . Therefore, also Mocinnodaphne will be transferred to Aiouea here. We are confident that Aiouea guatemalensis and A. inconspicua eventually will have to be transferred to Damburneya, but that is beyond the scope of this paper. In contrast, it does not make sense to transfer A. costaricensis and A. vexatrix to Ocotea. Ocotea is polyphyletic in its current circumscription and will have to be split into monophyletic lineages in the near future. The species currently placed in Aiouea do not belong to the lineage including the type species of Ocotea, O. guianensis.
As a consequence of our study, 44 Neotropical species currently included in Cinnamomum and the only species of Mocinnodaphne are transferred to Aiouea here. For two of these species we propose nomina nova, because the respective epithets are already used in Aiouea, either as a formal combination or an orthographic variant of an existing combination. In addition, we validate six species described in Cinnamomum by but not yet validly published in Aiouea here. Full descriptions and paratypes of the newly described species as well as remarks on their habitat, distribution and affinities can be found in the supplementary materials.
Aiouea Aubl., Hist. Pl. Guiane 1: 310. t. 120. 1775 -Type:
Aiouea guianensis Aubl., Hist. Pl. Guiane 1: 311. t. 120.
1775.
Trees or shrubs; leaves alternate, triplinerved or penninerved, often with domatia in the axils of veins; inflorescences thyrso-paniculate; flowers urceolate or subglobose, tepals obliquely erect at anthesis, not rotately spreading, fertile stamens 9, occasionally 6 or 3, anthers 4-locular or 2-locular, staminodes of the fourth whorl well-developed, with distinguishable filament and cordate to sagittate glandular head (rarely sessile if second and third whorl sterile); fruiting hypanthium usually accrescent, gradually merging with the swollen pedicel, tepals in fruit wholly or partially persistent, less often deciduous. MO!) . Frutices vel arbusculae. Folia lanceolata aut rarius anguste elliptica, apice caudate-acuminato, triplinervia aut subtriplinervia, infra subglabra vel inconspicue pubescentia tricho matibus rectis, adpressis; domatiis praesentibus, plerumque ad axillas venarum secundariarum paris basalis tantum, pagina foliari ad domatia infra concava, supra ampullacea. Inflorescentia plerumque cyma solitaria constans, bracteis foliaceis destituta. Flores extus omnino glabri, hypanthio intus glabrescente. Tepala in fructu omnino persistentia. The genus Mocinnodaphne was separated from Aiouea mainly by the fact that only the third staminal whorl is fertile in this species. In Aiouea in the sense of Kubitzki & Renner (1982) , either all three staminal whorls are fertile, or if there are fewer than nine fertile stamens, then the third whorl is sterile (in A. guianensis, A. laevis, A. maguireana, A. saligna, and A. trinervis) , or even the second and the third whorl are sterile (in A. benthamiana and A. myristicoides) . This, however, appears to be an independent reduction of the number of fertile whorls, proceeding from the outer ones, as Mocinnodaphne has been found to be nested among Neotropical Cinnamomum species by Chanderbali & al. (2001) and Huang & al. (2016 (1889) that any of the type collections cited (from B, G, K, LE or P) was preferred over the others. As the collection has not been found in Berlin by any one of us and is not recorded in the Berlin Virtual Herbarium (Röpert, 2000-), we prefer to select a different lectotype.
Aiouea areolata
The second variety of Phoebe effusa recognized by Meissner (1864) , var. β areolata, based on the collection Linden 19, does not belong here. The only specimen that we found with this number, MICH barcode 1210254!, has been identified as Nectandra salicifolia (Kunth) Nees by Lorea-Hernández. Recently, this species has been transferred to Damburneya Raf., along with the other species of the Nectandra coriacea group (Trofimov & al., 2016 Moraes (2008) and Moraes & Falcade (2015) . As pointed out by Moraes (2008) , a different collection also labelled as Sellow 1360 is the type of Roupala adiantifolia Klotzsch (Proteaceae).
Mez (1892) indicated that Phoebe oleifolia was based on material in herbarium of Ignaz Urban, which is now in B. There is a photo of the holotype in F (F neg. 3596), but we could not locate this specimen in B, nor is it available in the Berlin Virtual Herbarium (Röpert, 2000-) . Therefore, we assume that it has been destroyed. The specimen preserved in Berlin (B barcode B 10 0247424) cannot be the holotype, as it shows no indication that Mez has seen it (and very incomplete label data). Among the isotypes that have been annotated by Mez himself, the specimen in C appears to be the best preserved, and is therefore selected as lectotype here. A specimen in G with a label of Laurus heteranthera in the handwriting of Pavón, G barcode G00368854, does not agree with the illustration of the type, but rather is an Ocotea of the minarum group. A branch from the same collection is mounted on the right side of the specimen BM barcode BM000947201. The three isotypes all show somewhat malformed fruits, at least with strongly curved pedicels. In NY00355821 and P00128544, the locality is given as "Hunda" (= Honda, Prov. Tolima).
Aiouea hirsuta
Two different species have been distributed as Laurus elongata Vahl. The specimens B -W 07780 -01 0, B -W 07780 -02 0 and P00662846 represent Aiouea montana, but S-R-7281 represents Damburneya patens (Sw.) Trofimov. The labels on the specimens in the Willdenow herbarium show that Nees had considered the two specimens to represent different species, and he explicitly included only "Fol.1" in his description of Phoebe elongata (Nees 1836). The lectotypification by Rohwer (2014) is therefore erroneous. The second syntype of Phoebe elongata Nees, Poeppig 1311, has been used by Meissner (1864) as type of Phoebe poeppigii, whereby he effectively lectotypified the species.
The second syntype of Phoebe mexicana, Linden 20 is preserved in FI (barcode FI005197). Both collectors and their numbers are indicated on the same sheet in a specimen at K (barcode K000602039). The two collections are so similar to each other that it is difficult to tell which one it is.
In his description of Phoebe poeppigii, Meissner (1864) cited the herbaria "DC., Boiss." These are now incorporated in G, but the G specimen cited above is from the herbarium Delessert, and it does not bear Meissner's handwriting. Therefore, we designate the specimen from Meissner's personal herbarium (now in NY) as the lectotype.
For Phoebe mexicana var. bourgeauviana, Mez cited the herbaria "Boiss.-Barbey., Holm., Paris." Among the specimens available in JSTOR, only the one from S is bearing an original determination label of Mez. Therefore, we select it as lectotype here.
The two other syntypes of Phoebe brasiliensis are: Brazil. Glaziou 11459 (C barcode C10013521, P barcode P01959312!); Brazil. Rio de Janeiro: between Jerecino and Realengo, 29 We did not find the second syntype of Phoebe heterotepala, Weberbauer 3496, except for a specimen in which fragments of both syntypes are mixed (F barcode v0040357F).
The typification of Phoebe pickelii is somewhat complicated. Coe-Teixeira (1971) wrote "Typus: B. Pickel 4442 (SP). Brasil: São Paulo." cited "Pickel 4422" as the type number. Coe-Teixeira had also cited this number, but only under "Material estudado", along with no. 4444. The only specimen bearing the number 4442 (although as herbarium number, not as collector's number) as well as a label saying "Phoebe bentoi nov. spec. Coe-Teixeira" in her handwriting is the one designated as lectotype above. "Bento" is the first name of the collector. Pickel collected material (presumably from the same tree) twice, a flowering branch 11 Oct 1941, and a fruiting branch 26 Dec 1941. Both are mounted on the same sheet. Therefore, we designated one of them as lectotype. The isolectotypes cited above agree with the branch on the upper right. There are also duplicates of the fruiting branch: IPA 9336 and SP 41803, to which the number 4444 appears to have been added later, and probably also IPA 9331, even though the number on the label is given as 4422. The senior author of this paper (JGR) prefers to propose a nomen novum for this species, in order to avoid confusion with Aiouea costaricensis (Mez) Kosterm., especially since the label on many of the isotypes reads "Phoebe costaricensis Mez & Pittier". Lorea-Hernández (1996) wrote "holotype, CR, n.v.", but Mez (1903) had cited "Herb. Mez" as the location of the type, and it appears unlikely that this sheet from Mez's personal herbarium should have found its way to Costa Rica. Many Lauraceae specimens from the Mez herbarium are now in B, but this collection could not be located there by the senior author, nor is it available in the Berlin Virtual Herbarium (Röpert, 2000-) . According to Stafleu & Cowan (1981) , some material is now at WRSL, but this Pittier collection could not be located there (Krzysztof Świerkosz, pers. comm., January 2017). As none of the known specimens bears Mez's handwriting, we decided to select the most complete specimen as the lectotype.
Aiouea pittieri
Aiouea pittieri is a member of the Aiouea montana complex, and it remains to be examined with additional collections if the taxa of this complex are separable at all. noted that "C. costaricanum and C. neurophyllum are morphologically very close" and "C. grisebachianum is barely different from C. costaricanum." William C. Burger, who published the Lauraceae treatment for the Flora Costaricensis (1990) together with Henk van der Werff, annotated the US specimens as "Phoebe mexicana Meisner" in 1985, and added "a variety or ssp. of Phoebe cinnamomifolia" to the label of US 00099174 in 1987. In the same year he placed a note on the NY specimen, saying "Phoebe costaricana appears to be a distinctive highland element of the Ph. cinnamomifolia complex, closely related to Ph. neurophylla." In the final publication (Burger & Van der Werff, 1990) 
